Abstract. Assembly quality affects complex product's performance in high degree because the assembly is the end of manufacture process. In this paper, a comprehensive evaluation and forecast control of various factors affecting assembly failure is presented based on theory of gray system. Firstly, the absolute correlation degree and relative degree of correlation are calculated by using data from assembly process of complex products. Then, the comprehensive correlation degree and rank analysis are obtained with the gray method. Finally, the gray system theory is used in quality analysis and forecast control of a valve manufacturer. The final result indicates that excess amount of leakage is the main factor affecting product quality in accord with the actual situation.
Introduction
The product quality of complex mechanical products is mainly revealed in assembly quality. And assembly process is the most widely spread and complex production process, which has enormous impact on product quality [1] . Assembly process as the entire production process in the final stage, the highest cost is the quality of the entire product the greatest impact [2] . In the assembly process, the abnormal assembly process will affect the quality of the whole product assembly. Product assembly process involves many factors, and each factor is interrelated and mutually restricting. A number of factors to determine the decisive factors affecting the product are particularly difficult in the manufacturing industry [3] . Because many people are engaged in manufacturing personnel, the technical level and assembly site is different. But for all this, a lot of problems exist in experience of the degree of understanding of assembly process and accuracy of assembly tools [4] . These factors together determine the overall quality of product assembly, so quality of product assembly process evaluation becomes particularly important. There is plenty of evidence to show that advanced assembly technology could improve the quality and efficiency of product assembly modeling rapidly. An assembly sequence of different assembly quality has establishment of assembly sequence based on the degree of deviation of the transfer model. So, quality evaluation of complex products were studied in many papers [5] . The assembly product quality is determined by many feature quantities. Because of the importance of each feature, assembly product quality is very different [6] . Based on gray theory, a multi-parameter diagnosis method of rolling assembly process for complex products has been developed. Therefore, gray theory is applied to the assembly of the valve quality of the various factors to evaluate and predict the impact of final quality assembly to determine the most significant factors, and to improve production efficiency.
Gray correlation analysis model of product assembly quality
Aimed at the product assembly quality, multiple targets and multiple solutions, according to the gray theory, the analysis model of the gray correlation analysis model is established. Based on quality model and programming and optimizing theory, the criterion of assembly quality judgment is solved in stochastic variable for online inspection. At present, three system research methods of uncertainty are probability statistics, fuzzy mathematics and gray system theory [7] . They all have one thing in common, that is, the research object has certain uncertainty [8] . The main focus of probabilistic statistics is on uncertainty of random events. Fuzzy mathematics focuses on the problem of less certainty. And the gray system theory mainly studies uncertainty of small sample and less information [9] . These areas are difficult to solve the problem of probability statistics and fuzzy mathematics [10] .
In general, the study of product assembly quality often cannot provide a large number of assembly data. These data is often difficult to make a reasonable assessment of decision-making, the emergence of gray theory can solve such problems. In the valve assembly quality assessment and forecast, the overall quality of valve assembly and leakage, links, body material quality, valve core and valve seat sealing with the provisions of actuator torque, product storage and transportation are closely related to a number comprehensive enterprise valve assembly fault component composition of the reference sequence. Based on the gray system theory, the influence degree of different variables on product quality was analyzed. So, the calculation procedures of gray system theory are shown as follows:
Firstly, the length of the series n, referred to as: (1) The number of failure factors by the composition of data comparison sequence. The sequence length is q, denoted as: (2) Then, the number of product fault and the comprehensive correlation of the various factors were solved in the following.
(1) Establishing evaluation factor set The relevant data of assembly quality of product classification, classification indicators, and independent of each indicator for the back of quality assessment were collected. (2) Dimensional processing of data In the evaluation, the relevance of indicators of significance, dimensions vary, and difference in the number of poor, cannot be directly calculated, usually on the data dimension of a treatment. In this paper, the actual measured values are dimensioned by using the method of initializing and initializing zero.
The numerical initialization and numerical start zero were shown by the following formula, respectively.
= (4) (3) Correlation coefficient between the influencing factors The numbers of correlation coefficient between the influencing factors can be calculated in the following:
(4) Calculating the absolute correlation The absolute degree of correlation reflects the degree of geometric, and two sequences are not absolutely independent. When the degree of geometric similarity is larger, the absolute degree of correlation is calculated as:
Next, the gray comprehensive correlation degree not only reflects the degree of similarity, but also reflects the close degree relative to the starting point. This is a more comprehensive characterization of the relationship between sequence is closely linked to a number of indicators, which can be computed as follows: (9) In general, it is preferable that θ = 0.5, θ is a little larger if the relationship between the absolute quantities, and θ may be smaller if the rate of change is heavier.
Thus, correlation analysis of the results was carried out based on above results. So the comprehensive correlation degree of each factor was compared, and the more significant factors were found. With the actual situation, the reasons were analyzed and the improvement measures were proposed in this paper.
A case study
Based on the gray system theory, a kind of gray modeling method for valve quality evaluation and forecast control in assembly process was proposed is this paper. These analyzing and calculation processes were characterized by high accuracy and simple algorithm. For a multivariate, nonlinear, disturbed and uncertain mathematic model of manufacturing system, a simulation model by gray system theory was presented. The main reason of valve core and the valve seat gap is too large, and the problem usually occurs in the valve core or seat manufacturing accuracy is unqualified because assembly workers cannot properly ensure the valve seat and valve core close contact. Firstly, the data of evaluation factor set for valve assembly process was collected and analyzed. The set of valve assembly quality assessment factors was shown in Table 1 . From the above table it can be seen that the cause number of failures represent total number of failures, valve body leaks, torque failure, leakage exceeded, valve body produces a large number of leakage, connection leak failure, appearance of damage, respectively. And the comprehensive correlation degree is determined by the relative degree of correlation and the absolute degree of correlation. When calculating the absolute degree of correlation, a zero point of the original data is obtained. In the calculation of relative degree of correlation, the original data should be initialized. The quality of the valve assembly quality factor relative to the initial point of zero correlation can be computed by using body assembly quality factor data relative value of the initial correlation.
Then, the valve assembly quality of various factors related to the data point of zero relative to the beginning image is shown in Table 2 . Table 2 So, the correlation coefficient between each influencing factor and the valve assembly quality can be determined from the data in Table 1 and Table 2 . The correlation coefficient between the absolute and relative degrees of each influencing factor can be presented.
Thus, the absolute association degree correlation coefficient is: , , =19 So we can calculate absolute correlation degree and relative degree of correlation by using comprehensive correlation degree among the influencing factors of valve assembly quality, the absolute correlation degree is as follow: ,
The comprehensive correlation degree (θ = 0.5) is as follow:
Next, the results of the above calculations were sorted as:
Thus, having analyzed the measured statistics the result is shown below:
This shows that the importance of factors affecting the failure in turn decreased. And the result is very consistent with the actual business. From the perspective of improving product qualification rate, the valve core and valve seat machining accuracy were followed by ensuring the rationality of its installation methods and assembly skills of skilled workers. The quality evaluation model of the valve assembly demonstrates the guidance of gray system theory to the mechanical product quality evaluation and forecast control.
Conclusion
There are many methods for evaluating the quality of complex electromechanical products. It is necessary to ensure that the evaluation and forecast method was simple and easy to apply. In this paper, an application of gray system theory for the evaluation of product assembly quality was presented based on the gray of assembly quality with all kinds of influencing factors. The result is more accurate and the gray correlation degree can be compared. The approved method of calculating gray relational grade was somewhat complex, but it can be calculated by computer auto-made software.
In order to improve product assembly quality, the gray system theory was used in evaluation and forecast control for complex mechanical products. With the effective utilization of this machine and other equipments of the assembly line, the reducer assembly quality and the product performance were improved greatly. This assembly machine employs electric drive torque controlled wrench in quality evaluation and forecast control in assembly process for complex products, thus the physical strength of workers is largely decreased and the assembly quality was assured. For the product quality evaluation, this method was also applicable to other complex mechanical products.
